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Vhsiracl We have calculaled eneigy levels, oscillator ‘^ Irenglhs and transition probabilities for all dipule-allowcd transitions among the
J 1 (urns belonginj.' to the ( 2 p \  }s2d . 3.s4.s, 3p3d  3,v4r;, Cs4J, 3.y4/'aml 3^.s eonrigiirations ofC’l VI in the US coupling scheme We
UK liidal laiiK lanie nnniber ot eonrigiirations in the configiiration-interauion expansions to ensure eonveigcncc I'lic culeiilalcd energy levels are in dose 
.leieemenl with laboratorv measurements I rom oiii transition probabilities, we have also calculated radiative liletimes of 12 singlet and 10 triplet stales 
ml I \  I 1 he piescnt results are compared with the other available theoretical results
knw ords Atomic energy levels, oscillator sirength, transiton probability
P \(  S No. 12 70 C’s
I. I n t r o d u c t io n
I lements in the isoclectronic sequence arc astrophysically 
abiindiint and accurate atom ic data such as absorption 
n s c i l la lo r  s tren g th s , and tra n s itio n  p ro b a b ilitie s  are 
ncL tled for the interpretation o f  accurate observational data. 
These atom ic data arc also useful in m any astrophysical 
studies
Most o f  the results ava ilab le  in the literature for the ions 
ol M g  isoeleclronic sequence are lim ited to allow ed transitions 
involving the few  low est slates [1 16]. The  study o f  M g -lik e  
sulphur and chlorine are o f  particu lar interest [16) .  For M g - 
like chlorine, on ly  fe w  calculations are available in LS  
eoLipling scheme [2 ,7 ,9 ]. V ic to r et al [2] perform ed a 
c o n fig u ratio n -in te ra ctio n  ( C l )  c a lcu la tio n  o f  oscilla to r  
strengths in the M g  isoeleclronic sequence (including S V  
and C l V I )  w ith in  a s e m ie m p ir ic a l m odel poten tia l 
Iramcwork. Froese Fischer and G o d efro id  [7 ] calculaled the 
hictimes fo r a ll bound singlet states in the /7 ^ 3 complex  
ul the M g  sequence fo r Z  <  2 6  using m ulti-configuration  
I lartree-Fock ( M C H F )  w aveftm etions. G o defro id  and Froese 
1 ischer [9 ] reported the oscilla to r strengths and transition  
t I’rrcsponding Author
probabilities for S V  and C l V I in M C H F  and m ulti- 
configuration H arlree-Fock with H rc il-P au li corrections  
(M C H F -D P ) methods.
Recently, Gupta and Msezane |11] calculaled energy 
levels, oscillator strengths, and transition probabilities for all 
dipole-allow ed transitions among the 24 LS  target states 
3/7^(’.V, 'P , 'D ) ,  3s4sO \S),
3 /7 3 J ('- '/^ \ > 3.v4 / 7 ( ' 3 . v 4 / ( L » / ^ )
and 3p4.v('-^p0) o f  M g -lik e  sulphur in LS coupling scheme 
using the C IV 3  computer code o f  H ibbert [17] .  In the present 
w ork, wc have extended our calculation o f  these parameters 
for M g -lik c  chlorine. From our transition probabilities, we 
have also calculated radiative lifetimes o f  singlet and trip let 
stales in C l V I.
2. C h o ic e  o f  r a d i a l  fu n c tio n s  a n d  c o n f ig u r a t io n s
In our calculation, we u.sed the 15 orthogonal one-electron  
orbitals . Lv, 2^, 2/7, 3s, 3p , 3d , 4/7, Ad, Af, 55, 5/7, 5^/,
5y and 5g. The l.v, 2s 2/7 and 3.v radial functions are chosen 
as the H artree-Fock (H F )  functions o f  the ground state 
(Uv-2.v22/7^)3.v2(LS') o f  C l V I  given by C lem enti and Roetti
[18]  and the rem aining radial functions have been obtained
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using C IV 3  com puter code o f  H ibbcrt [17| .  The ionic state 
wave functions arc written in terms o f  C l expansions
V '( LStt) = i s , r ) ( I )
where each sm gle-config iiration (unction (/f, is constructed 
from one-electron orbitals whose angular momenta aic  
coupled to give total /> , .S’ and tt M i s  llie number o f  
configurations and a, specily the angular moinentum coupling  
scheme o f  the /-th configuration I he radial parts o f  (he one- 
electron functions are expressed in analytic lorm  as a sum 
o f  Slater-type orbitals
A
'■ ) '] '^ ' n ’ e x p ( - C , r )  (2 )
/ I
1 lie parameters and pi in eq. (2 ) are determined
variationally  as described by H ibbert [17] .
fh e  3/^, 3f/, 4.S, 4/^ >, 4 i/  and 4 /  functions are chosen as 
spectroscopic-type and are o p tim i/ed  on the excited states 
:>sl^pCP\ 3 x 3 3a4.v(\S1,  3 \4 /)(V ^ ‘‘), 3x4J(V7), and 
3.v4/(^f'^^) respectively fhere  is a strong m ixing between the 
3/'’3J('/^^) and 3 x 4 /; (T ’‘) levels because o f  their proxim ity. 
We have chosen the 5.v, 5 / \  5/. i^nd 5;:^  functions as
corre la tion-type  and optim ized  them on the 3<^/4J('D), 
3/;3^7(VT’), 3/?34'/^^’), 3 /?3c/(VV^ and 3.v3£/('/'^^) states, 
respectively. It is necessary' to use the correlation functions 
in addition to the spectroscopic lunctions so that a single set 
o f orthogonal functions can represent all the energy levels. 
In all cases, we chose k n -  1 so that the coefficients C, 
arc uniquely specified by the orthogonality condition on 
/ ^ . / | I 7 ] .
In order to test the convergence o f  C l expansions for 
ditTcrent I S  sym m etries , we carried out several test 
calculations. In our largest calculation, we considered up to 
tw o-eleclron excitation from  the basic configurations used 
in this calculation. A ll configurations w ith  weight more than 
0 .0 05  are retained in our final calculation W e considered 
configurations w ith in  the n 5 com plex in the (4  expansion 
to ensure convergence, fh e  C l wave functions, in eq ( I ) ,  
are used to calculate energy levels, oscillator strengths, and 
radiative transition probabilities.
The absorption oscillator strengths in length and velocity  
form  arc calculated using the relations jl^ l]
/ , '  - [ 2 A Z : / 3 ] | ( v/ , | / - | v/ , ) | ‘ , 
./;;■= [ 2 /3 A ^ ;] |(v /  | v | ( , / , ) | \
(3)
(4 )
and the radiative lifetim e o f  an excited state is obtained from  
radiative transition probabilities as
r ,  =  V2-', ■4„, (5 )
where the sum over i is over all acccssihle final states. A £  
(} Ef E,), is the transitio2n energy.
3. R e s u lts  a n d  d is c u s s io n
3 / Ener^  ^ levels
In fab le  1, we present our ab initio calculation o f  excitation 
energies o f  the 24 low -ly ing  levels relative to the ground 
level. These arc compared with the experim ental results of 
Jupen and Frem berg |2 0 ]. It is seen from  the table that the 
ordering o f  our calculated excitation energies is the same as 
that o f  the experim ent data O ur energy values agree lo 
better than 1% w ith  the measured values, except lor the 
3s4c7(' '73) and 3 x 4 /( f '/^ ')  slates w'here the experim ental data 
is missing.
table I. Calculated and experimental energy levels (in a u ) o l d  Vl
index 1 x-vel Present experiment*
1 3 r '.V 0 0000 0 0000
2 3.s3/7 0 4426 0 1521
■P" 06814 0 6787
4 1 0290 i 0444
s 1 0673 1 0750
6 3.s3^ y V) 1 2641 1 2740
7 3/ '^ '.V 1 2563 1 2575
8 3vV/ 1 4622 1 462.1
<) Jj4.v \v 1 8431 1 8559
10 '.V I 8021 1 0016
11 3/.0 1 7313 1 7510
12 d f 1 7568 1 7746
13 1 8507 1 8636
14 VV 1 8644 1 8774
IS S^^ p 2 0404 2 0647
16 1;.. 2 0780 2 08S8
17 •/3> 1 0870 1 9066
18 2 0144 2 0207
10 3.s4f/ V) 2 3078
20 'o 2 3134
21 3.?47 2 3060
22 1/.4) 2 4300
23 3/^4j 2 4242 2 4407
24 \IP 2 4596 2 4638
*.hipcn and Fremberg (20)
3 2 Oscillator strengths and radiative decay rates .
In Tab le  2 , our ra d ia tiv e  decay rates in the length 
approxim ation Aj and the absorption oscillator strengths in 
both length fi and velocity  fy  form ulations, for all dipole- 
allow ed transitions among the 24 LS levels are listed. There 
is very good agreement between length and velocity values 
o f  o.scillator strengths fo r most transitions, to some extent, 
indicating the overall good accuracy o f  our wave functions 
used in calculating these parameters. O u r results arg compared 
w ith the theoretical values o f  Froese Fischer and Godefroid
[7 ], G odefro id  and Froese Fiscer f9 ], and V ic to r et al [2] 
A ll calculations agree w e ll for almost all the strong transitions
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hihir 2. I'raiisilion probabilities and oscillator strengths for allowed transitions in CM VI
Other calculations
Present calculation
I ransitioiis
3.s-('.S> 3.0/m' / ’")
3/)4a( '/ '“)
3 /r ( ‘.S3 
3a3J('/->) 
3a4.s('.V) 
3.s4i/('/-)) 
i/-V/)) 3/^W('/)") 
3 n4/>(' / ’*’)
l,v4/('/■'’) 
3 H a( '/'•’) 
('S) 3^4/,
3/-4v(‘/ "^)
3\1/>('/^’)
3;>4.\('/^') 
^^sh('\v- ^s4/>(7*") 
V^ r^A'A’") 
3/>4.s('r") 
V^w/(7y’)-3A4t/('/3) 
3.s47('D) 
3isAciCl)) 
V^-w/i'/’") 3a4c/(73) 
^vW(7)>-3a4A'A'^) 
■^s4./(7))-3;>4.y('/^>)
3 ; r ( 7 0
3v3r/(V.3) 
3a4a('\S3 
3.v4f/(Vj) 
V » V n - 3 p 3 ^ / ( V ^ ’) 
3p 3^ /(^ D ‘7  
3a4p (^/^’) 
3/;4a(V’‘‘) 
' ' 3 A 7 3 V 3 p 3 t / ( 7 3 7  
3/;3£y( 7*“) 
3p3^y(^D'*) 
3.v4p (^P“) 
3a4/^A«) 
3 p 4 i ( ^ 0
A,
6 6324t 09 
3 9292♦09 
2 220 K09 
2 6305+06
2 7056 K)8
5 4704 I 09 
I S03K+10 
1 1260+10 
1 7572+09
6 4773+09 
I 4H94+09 
I 2183110 
I 5985109
3 0924f09
1 19^4+10 
3 8S87+09 
3 3991+09
2 2436 U)9 
9 9928+07
1 0I8^^0K 
 ^ 1240+09
3 6433+09
2 1214110
3 2987 I 09
1 3386+08
2 6520+07
3 3455+09 
I 1573+07
4 7357+08
1 5887+08 
6 0203+08 
9 2454407
2 2321+05
5 6745+09
8 4198409 
1 8159+10 
4 4049+09
6  7 4 0 1 + 0 9
1 1 9 2 5 + 1 0
2  4 5 9 0 + 0 6  
I 0 8 5 6 + 1 0
1 0 3 6 8 + 0 9
2  8 0 6 0 + 0 9
2  6 5 4 7 + 0 9
3 0 0 2 4 + 0 9  
2  5 9 2 5 + 1 0
9  9 3 4 3 + 0 7
1 3336 
0 0850 
0 0511 
0 0000 
0 1156
0 1717
1 2796 
0 0797 
0 0342 
0 3816 
0 0233 
0 S793 
0 0308 
0 0686 
0 1092 
0 5333 
0 9097 
0 1448 
0 03*^ 8 
0 OOSO 
0 4942 
0 2232 
0 9850 
0 0619 
0 4208 
0 1656 
0 9697 
0 0012 
0 4433 
0 0331 
0 3491 
0 2917 
0 0002 
0 4526 
0 6472 
0 0961 
0 0657 
0 3418 
0 9736 
0 0001 
0 1835 
0 2070 
0 1523 
0.2293 
0 0909 
0.8817 
0 0014
I 3736 
0 0807 
0 0318 
0 0000 
0 1114
0 1840
1 3374 
0 0802 
0 0264 
0 4049 
0 0264 
0 6011 
0 03 16 
0 0668 
0 1112 
0 3334 
0 9673 
0 i567 
0 033 1 
0 0060 
0 3223 
0 2394 
0 9868 
0 0624
0 3298 
0 1881
1 0066 
0 0014 
0 4403 
0 0244 
0 3209 
0 2312 
0 0082 
04713 
0 6779 
0 0986 
0 0649
0 3630
1 0337 
0 0002 
0 1867 
0 2095 
0 1616 
0 2421 
0,0937 
0.8821 
0 0017
6 30(H09
1 720 U)9
2 750108
3 130+09 
1 497+ 10
6 430+09
1 252+10 
8 920+08
7 100+09 
1 010+08
3 020+09
4 070+09
ri'ci
/;
I 320 
0 039
0 119
0 173
1 273
0 378
0 S94 
0 0168
1 120
0 0366
0 482 
0 244
1 330 
0 038
0 no
0 179
1 323
0 396
0 626 
0 0134
1 210 
0 0334
0 488
0 266
VSK
2 951+09 0 091
1 2700 
0 0916 
0 0934 
0 0023 
0 1160
0 1650
1 2400 
0 0691 
0 0252 
0 3620 
0 0219
0 0377
0 1080 
0 6570 
0 6640 
0 1200 
0 0344 
0 0111
02150
0 0464 
0 3910
0 2400
1 0400 
0 0014 
0 3770
0 4120
0 0034 
0 4300 
0 6120 
0 0941 
00717 
0 3240 
0 9240 
0 0000 
0 1720
0 1450 
0 2180 
0 1000
0 0014
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Tabic 2. (Cont'tl.)
Transition <i
XiApi'l*') 
,V/4v( '!*') 
3s4(/(Vl) 
3v4rA 7l) 
3/ i3 4 7 j")-3s4J(V>) 
3.i4/)(V^’> 3v4c/(7j ) 
3.t4(A7J)-3.f4AV*) 
3i4rf('i)>- i[>As\'l*')
Other calculations
•ly
3 834HI00
4 1177^08 
2 7012+0Q 
I 5()I8K)8 
7 5650 + 05
5 1511^05 
1 0522 K)0 
4 0335+07 
7 0002+05
Present calculation
fi
0 0000 
0 9032 
0 7470 
0 0100 
0 0002 
0 0001 
0 8175 
0 2259 
0 0010
fv
0,0000 
0 9220 
0 7820 
0 0094 
0 0001 
0 0002 
0 7759 
0 1982 
0 0030
4 124+08*
FFG
//.
0 898’
VSL
0 0000 
0 9200 
0 7040
0 0012 
0 7940
0 0007
VSI. Calculation of Victor et a! |2], f FG Calculation of Froesc l ischcr and Ciodefroid |7], * Results of Godefroid and Froese Fischer (9)
e x c e p t th o se  in v o lv in g  3 /? 3 J ( '/^ ’) an d  ?>s p^CP^ ) lev e ls . A s 
w e p o in te d  o u t e a r lie r , th e re  is a  s tro n g  m ix in g  b e tw een  th e se  
tw o  lev e ls . In o u r  C l c a lc u la tio n , th e  e ig e n v e c to r  c o m p o s itio n  
fo r th e se  tw o  s ta te s  iire as fo llo w s :
3 a4 K ' 0  0 .7 6 8  3,n'4 ^^ ( '/^ ) + 0 .5 9 3  3 /?3^ /('/^’),
3 /;3 r / ( '/^ 0  -  0 ,5 7 3  3 .v4 /7 ( '/^ )  -f 0 .7 7 8  3;?3d^(‘/^^).
T h e  sm all o sc i l la to r  s tre n g th s  a re  se n s itiv e  to  c a n c e lla tio n  
e ffe c ts  a n d  fo r w e a k e r  tra n s it io n s , w e  find  a s ig n ifican t 
d if fe re n c e  b e tw e e n  o u r  re su lts  an d  th e  c a lc u la tio n  o f  V ic to r 
et el [2].
3.3 Lifetimes
In T a b le  3, w e  p re s e n t o u r  c a lc u la te d  ra d ia tiv e  life tim es  
(u s in g  cq . (5 ) )  fo r s in g le t a n d  tr ip le t s ta te s . T h e  re su lts  o f  
T ro ese  F is c h e r  a n d  G o d e fro id  [7 ] a re  a lso  in c lu d e d  fo r th e  
c o m p a r iso n . T h e re  is an  e x c e lle n t a g re e m e n t b e tw een  th e  
tw o  c a lc u la tio n s .
1 ahic J. Lifetimes (in nano.seconds) of singlet and triplet states in Cl VI
I Ipper State Present FFG*
3j3/7(y') 0 1508 0 15
3p-('0) 3 6960 36
0 1828 0 190
is3d('D) 0 0665 0 067
isAsi'S) 0 0888
3p3t/('D") 0.1520 0 15
3i4p(7’") 0.1049
3p3<A'/''") 0 0653 0 064
0 0764 0 073
XiAiJi'D) 0 3330
3^4/'/-") 0 0410
3p4i(7'“) 0 0480
3p- C n 0.1762
3s3dCD) 0 1188
Prcscnl 
0 0551 
0 9645 
0 1048 
0 0686 
0 2927 
0 1783 
0 0385 
0 0759
T able 3. (Coni'd)
Upper Stale FFG‘
s^AspS)
3p3fA-V'^ ')
3p3t/(V^*)
3/;3d/(^D^)
3.s4/y(’/^)
3.y4(/(’D)
MfCP')
3/?4.y(-V^ )^
‘Calculation of Froesc Fischer and Godefroid (71
4 . C o n c lu s io n
In c o n c lu s io n , w e h av e  p re se n te d  an e x te n s iv e  C l calcu la tion  
o f  e n e rg y  le v e ls ,  o s c i l l a to r  s t r e n g th s  a n d  tra n s it io n  
p ro b a b ili tie s  fo r all d ip o le -a llo w e d  tra n s it io n s  am o n g  the 24 
te rm s a ris in g  fro m  th e  te rm s  b e lo n g in g  to  th e  ( Ty^2.v-2/?^’)3A\ 
3s3p, 3s3d, 3/7“, 3 /?3J, 3.v4 a’, 3s4p, 3s4d, 3s4 f an d  3p4s 
c o n fig u ra tio n s  o f  C l V I. O u r ab initio e n e rg ie s  p re sen ted  in 
th is  p ap e r, a re  in e x c e lle n t a g re e m e n t w ith  th e  m easu rem en t 
o f  Ju p e n  an d  F re m b e rg  [20 ] fo r  a ll th e  e x c ite d  s ta tes . Also 
a  v e ry  g o o d  a g re e m e n t b e tw e e n  th e  len g th  a n d  velo c it\ 
v a lu e s  o f  o u r  o sc i lla to r  s tre n g th s  fo r m o s t tran s itio n s , is 
in d ic a tiv e  o f  th e  o v e ra ll a c c u ra c y  o f  w a v e  fu n c tio n s  used  m 
th is  c a lc u la tio n . G en e ra lly , o u r  re su lts  ag re e  re a so n a b ly  well 
w ith  th e  a v a ila b le  th e o re tic a l c a lc u la tio n s . F in a lly , our 
re su lts  a re  m o re  e x te n s iv e  an d  w e b e lie v e  th a t th e y  would 
b e  usefu l in m an y  a s tro p h y s ic a l a p p lic a tio n s .
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